Based on Shaw's specific test, the adrenaline content of the urine of some normal individuals was considerably higher than has been reported by those using the von Euler technic (adsorption at an alkaline pH, elution and bioassay). One patient with myocardial infarction showed highly significant amounts on four occasions. The marked elevation in the Kroneberg-SchiImann catechol ratio for hypertension patients as compared with normals, reported by these authors, was not confirmed by our findings. In three cases of myocardial infarction the ratio was elevated. Our ratios for normals confirm the original work.
WV THILE hypotension results following the removal of the adrenals, tumors of this gland frequently produce hypertension. One specific type of tumor, pheochromocytoma, gives rise to two types of hypertension, of which one is paroxysmal in character and due to liberation into the blood stream of excessive amounts of adrenaline. Pheochromocytoma also in some instances results in a progressive type of sustained hypertension, which is indistinguishable from essential hypertension.' At the moment, the consensus is that essential hypertension is not concerned with the adrenal medulla, but Perera states,2 "The possibility must-still be entertained that sensitization of blood vessels to normal amounts of norepinephrine would account for hypertension, and that we are not entitled as yet to eliminate the adrenal medulla from further consideration." Bing3 has hinted at a relation of dihydroxyphenylalanine to essential hypertension, in which there is decarboxylation to a pressor amine in an ischemic kidney, which cannot deaminate. There is much indirect evidence that adrenaline and noradrenaline are formed from phenylalanine.' The catechol nu-
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This study was supported by the Mrs. August Magnus grant. 96 cleus is formed by oxidation, and removal of the carboxyl group is brought about by enzymatic decarboxylation. The nonphenolic sympathomimetic amines appear to be destroyed in the body by deamination, but conjugation appears to be the principal mode of inactivation of phenolic sympathomimetic amines. Adrenaline administered orally is recovered in the urine as a conjugated phenol sulfate.5' 6 In the rat conjugation of the amino group of ephedrine has been demonstrated.
Attempts to determine the concentration of adrenaline in mammalian blood either by pharmacologic or microchemical methods have been initiated at intervals over the last 30 years. [7] [8] [9] [10] [11] [12] [13] In spite of the concentrated and ingenious efforts made, the status of the problem, as far as human blood is concerned, is still controversial. Shaw9 and Gaddum and Schild'4 developed respectively microchemical and fluorescence methods which are highly sensitive and accurate as far as pure adrenaline is concerned, but the application of these methods to blood with the complications of interfering substances, instability, and recovery has in our opinion not been satisfactorily solved. Our interest in the problem, integrated with the disappointment of some past experience in trying to determine blood adrenaline, was shifted to urine following the report of Kroneberg and Schumann.15 According to these authors the blood pressure raising fraction of human urine, originally called Circulation, Volume VII, January, 1955 "urosympathin," behaves pharmacologically as noradrenaline; the content of this substance in the urine of patients with essential hypertension and the hypertension of chronic nephritis is raised over the level of normals, and in hypertension patients there is a marked elevation of a conjugated pyrocatechol fraction related to noradrenaline which may be liberated by acid hydrolysis. To determine this fraction the Shaw microcolorimetric method, which depends upon the catalytic reduction of arsenomolybdic acid to a blue colored compound by adrenaline like compounds, was used.
PLAN
The present study was an attempt to verify the findings of Kroneberg and Schuimann that the conjugated catechol fraction of human urine is markedly raised in hypertension. These authors do not give the details of their application of the Shaw principle to their problem. As these details may well be of considerable importance, we have recorded our experimental procedure in detail. Shaw found that if adrenaliae in solution is pretreated with alkali the color development in his test is increased fivefold. This phenomenon is characteristic for adrenaline and is not observed for catechol, noradrenaline, and others. Unfortunately Kroneberg and Schumann do not mention whether they used the specific or nonspecific Shaw test. In our experiments we used both procedures.
The present study concerns the determination of adrenaline and the catechol fraction in the urine of 17 normal individuals, in 17 patients with well established essential hypertension, and in eight patients with angina pectoris and myocardial infarction.
The ages in each of these groups of private patients averaged from 45 to 68 years. Those with essential hypertension had been followed from 2 to 22 years, and the pressures recorded in the tables were the average of many readings taken over a period of months or years. Four patients were experiencing severe anginal bouts and four were recovering from recent myocardial infarctions. The patients in all four groups were hospitalized during this study.
In recording the data in tables 1 and 2, content was calculated in milligrams per 12 hours as catechol equivalents for the nonspecific and specific tests and for the ratios of these concentrations before and after hydrolysis. In all these categories catechol or crystalline adrenaline (Parke, Davis and Co.) not pretreated with alkali was used as the standard. When the color equivalent of the unknowns after alkali treatment was elevated, indicating the presence of adrenaline, the adrenaline content was estimated from the color ratios obtained with adrenaline standards processed according to the specific and nonspecific Shaw tests. Since the color derived from catechol is slightly decreased on prealkali treatment and that of adrenaline greatly increased, a proper ratio of these two substances could produce a compensating result; the response for noradrenaline is unchanged.
METHODS
Method for Urinary Catechol Derivatives. 1. Dilution depends on original volume, depth of color, clarity, and so forth, of the specimen, and varied from 1 to 16 to 1 to 96. In each of four 50 ml. flasks place 0.25 cc. of concentrated sulfuric acid. Add to each of two flasks 12.5 cc. of diluted urine, to the third flask add 12.5 cc. of a 2 a* per cubic centimeter solution of adrenaline, and to the fourth flask add 12.5 cc. double distilled water. Place one flask with urine in boiling water bath 15 minutes to hydrolyse.
2. To each of the four flasks add 0.8 cc. 30 per cent sodium hydroxide and 0.9 cc. normal sodium acetate, (pH 4.0). Fill to the 50 cc. mark with water. Mix. From each flask pipet 2 cc. samples in each of two centrifuge tubes. Add to each tube 3 cc. water and 1 cc. of Shaw's9 aluminum hydroxide suspension. Centrifuge seven minutes at 2700 revolutions per minute. Place supernatant fluids in clean centrifuge tubes containing 1 cc. aluminum hydroxide suspension, and add to each 3 cc. ammonium chloride-sodium hydroxide buffert (pH 8.3). Centrifuge three minutes. Discard supernatants. Wash precipitates with 3 cc. buffer; centrifuge three minutes; discard supernatants.
3. Add to each tube 3 cc. water. To four tubes add 0.9 cc. 4 per cent sodium hydroxide for Shaw's specific test and to the four corresponding tubes 0.9 cc. sulfuric acid (approximately 1/6 normal). Mix.
Add to each tube 2 cc. of Shaw's sulfurous acid reagent, 0.75 cc. arsenomolybdic acid reagent, mix and place tubes in boiling water bath for five min-utes. Cool. After at least 20 minutes read colors in colorimeter. The adrenaline standard corresponds to 1 y. The increase in color upon alkali treatment is about sixfold.
The reagents used were prepared according to Shaw's directions.'* The ammonium chloride buffer was introduced to eliminate the use of phenolphthalein which may produce a high blank.
The recovery of adrenaline in a concentration of 0.05 -e per cubic centimeter run through the Shaw method was found to be at best, 56 per cent. Upon using a greater amount, 0.25 -v adrenaline per cubic centimeter, the recovery was more nearly quantitative. The recoveries for two 4 -v standards of catechol were 84 and 83 per cent.
In comparing a standard of 4 -y catechol against the 1 y adrenaline standard, 1 y catechol had the color equivalent of 0.25 y adrenaline in the acidic tests. In the alkaline test for catechol, 1 y has the equivalent of 0.20 -y adrenaline in the acid test. A standard of 4 y catechol was adopted to replace the adrenaline standard originally used. The greater stability and availability of catechol made this substitution desirable.
There is apparently no loss upon hydrolysis (boiling for 15 minutes with sulfuric acid) of either 2 -a per cubic centimeter adrenaline or 4 y per cubic centimeter of catechol, since the minor color differences given by the hydrolysed and unhydrolyzed standards were within the error inherent in the method (about 15 per cent).
RESULTS AND DISCUSSION
There is no increase in the ratio of the catechol derivatives of hydrolysed to unhydrolyzed urine in the hypertension group as compared with the normal group. (See table 1.) All the mean ratios, approximately 2.0, agree within once the standard deviation of the mean. Moreover, there are no individual ratios in the hypertension group above the highest individual ratios in the normal group. We have taken the liberty to calculate a mean and standard deviation of the mean for Kroneberg and Schumann's 10 normals; the result 1.73 zi 0.16 agrees well with our normal group. It is difficult to reconcile the discrepancy between their and our results for the hypertension group. Kroneberg and Schumann report ratios ranging from 2.0 to 9.5 for this series. We have pooled * Since a number of the reagents used in this test are dangerous or highly poisonous, persons who have not had the proper training to handle such reagents should not attempt to prepare the reagents or run the test. established. In the hypertension group, two urines showed adrenaline in amounts of 0.47 and 0.3 mg. Doubtfully significant values were 2.2, 1.0, and 0.44 mg. On first glance it might appear paradoxic that a value of 2.2 is of doubtful significance, while a value of 0.3 is significant. The reason is that the dilution in one case was not in a range assuring the maximum analytic accuracy. In the heart cases there were two patients with wvell established amounts of adrenaline in the urine, one of which showed 0.2, 1.7, 0.44, and 0.79 mg. on four separate occasions. Since Kroneberg and Schumann believe the blood pressure-raising fraction in urine behaves pharmacologically as noradrenaline, our findings of the presence of adrenaline or a compound giving the adrenaline color reaction is of interest. Goldenberg16 states that the quantities of noradrenaline and adrenaline encountered in normal urine are too small to be determined by chemical means. It is true that the amounts detected by bioassay following von Euler and Luft's procedure" would be too small to detect by Shaw's method. Goldenberg also points out Of the 17 normals, five patients showed amounts of adrenaline in the urine, based on the difference between Shaw's specific and nonspecific tests, which differences were significantly greater than the inherent experimental error of the method. The values in milligrams per 12 hours were: 0.3, 0.9, 0.75, 1.13, and 0.6. Three other urines produced doubtfully significant values. The fact that the mean ratios for the alkaline to acid tests were above 1.00 is indicative of the presence of some adrenaline. However, with an experimental error of 15 per cent and the dilutions required for the test, the presence of adrenaline in all urines was not that adrenaline is easily oxidized at pH 7 when exposed to the air. Since the von Euler technic uses Shaw's aluminum hydroxide resorption at pH 8, there is probably a destruction of pharmacologic action, although the oxidation product still gives the chemical test. It would appear to .us that since the instability of adrenaline at a pH more alkaline than 7 is well known, any bioassay method which uses an extract which has been above this pH is open to criticism.
The only substance beside adrenaline known to give Shaw's specific test is p-sympatol, and this in a concentration 2000 times that of adrenaline. While it might seem presumptuous 100 l i .
3.. 7.. that we should report values for adrenaline so at variance with the bioassay tests obtained by the von Euler method, we eannot dismiss as an artefact the consistant differences obtained between Shaw's acid and alkaline procedure. Rather we feel that in the light of the discrepancy of the two procedures, further investigation is warranted. Kroneberg and Schiimann originally suggested that the bases might be so altered in the urine as to still give the chemical test after the products no longer initiated pharmacologic action.
SUMMARY
Based on Shaw's specific test, adrenaline was found in the urine of normal subjects, patients with hypertension, and patients with myocardial infarction. The accuracy of the method was not sufficient to establish the presence of adrenaline in all urines. Two patients with myocardial infarction showed highly significant amounts of adrenaline and one of these showed such amounts on four occasions. These findings have not been previously reported and the possibility of an etiologic relationship between an increased amount of adrenaline and myocardial infarction is intriguing.
Kroneberg and Schumann's ratio of catechol derivatives in hydrolyzed and unhydrolyzed urine was confirmed for a group of 17 normals. The marked elevation in ratio observed for hypertension patients by these authors was not confirmed by our findings. However, in three patients with myocardial infarction, a significantly elevated ratio was observed.
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SUMARIO ESPAROL
Basado en la prueba especifica de Shaw, el contenido de adrenalina en la orina de algunos sujetos normales fu6 considerablemente mas alto que lo que se ha reportado por aquellos que usan la t6cnica de von Euler (absorci6n a un pH alkalino, levigacion y bioensayo). Un paciente con infarto del miocardio mostro cantidades altas significativas en cuatro oca-siones. La marcada elevacion en la proporci6n Kroneberg-Schumann de catecol en pacientes hipertensos comparado con sujetos normales, reportado por estos autores, no fu6 confirmada por nuestros hallazgos. En tres casos de infartos del miocardio la proporcion estuvo elevada. Nuestras proporciones para normales confirma el trabajo original.
